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Citations of commercial organizations and trade names in this
reporc do not constitute an official Department of the Army endorsement
or approval of the products or services of these organizatioms.

In conducting the research deszribed in cthis report, the
investigator(s) have adhered to the "Guide for the Care and Use of
Laboratory Animals", prepared by the Committee on Care and Use of
Laboratory Animals of the Institute of Laboratory Animal Resources,
National Research Councii (DHEW Publication (NIH} 86-23, revisad
1985)).
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11. Statement of the Problam

The research summariged herein was alwed at characterlzation of
the binding site for Ptychodiscus brevis neurotoxins in nerve tissues.
Te achieve this objective, wa have porformod the following tasks:

fL] proparsd synaptosores from rats, fish, and turtles accordling
to establishad procaduras;

{2] determined the degree of voxin PWhIx-3 binding to waach
spacies synaptosomes using tritiated PbTx-3 as specific probe, and have
determined apparent dissoclation constants (Kd) and binding maxima
(B

)i
MaXf3y  determine, using the rat system, on- and off-rates of

rrbinding. reversibility of binding, and binding under depolarizing

conditions;

{#) determined the degree of displacement of labeled PbTx-3 by
other naturally-occurring and synthetic derivative of brevetoxins in
aach specles synaptosomes; 7

[5] determined the degree of displacement of labeled brevetoxn
from its spaecific site (Site 5) by natural toxins specific for specific
binding sites 1-4;

(6] characterize each potontial competitor in terms of
compexitive, non-competitive, uncompetitive, mixed, or lack of
inhibition pattorn;

{71 construct and oxamine brevetoxin photoaffinity labels for
displacing abilicy in the rat system.

For purposes of this narrative summary of the work performed, each
task enumerated above will be treated under separate headinga.

III. Summnry of Rosults Generated

A, Synaptesome Preparation

Fxcitable tissue preparations were obtained fresh daily from live
animals using the techniques described by Dodd et al. (1). Frozen
synaptosomes (-80"C) were useful when a large sories of experiments was
to be performed; synaptosomes from several animals could be pooled to
provide a reasonsble tissue correlation for several days experiments.
Non-specific binding was higher in these preparations, howaver.
Protein was neasured on each synaptosome preparation using the Bradford
technique (2).

Synaptosomes from rats, turtles, or figh are prepared in
approximately the samec manner with minor exceptlons. Turcle
synaptosomes are slightly mcre dense than are rat synaptosomes, and are
collected at a 0.32M/1.2 M SuUCrose interface following
ultracentrifugation. Fish synaptosomes vequire the addition of 370 mM
sucrose during ultrscentrifugetion and during experiments to maintain
iso-isomolarity wicth fish serum. In contrast to turtle and rat
synaptosomes, fish synaptosomes do not demonstrate specific binding
beycud the P2 avep during purifiecation.

B. Measurement of Labeled Toxin Binding

3 1. Triviated _Toxin  Symthesis. Tritiated sodium borohydride,
MaB”H,, 1is available atv specific activities approaching 80 Ci/mmols.
Reducéion of the a,f-unsaturated aldehyde function in PbTx-1 or PblIx-2
results in PbTx-7 and PLTX-3, rvespectively, with specif{lc activities




25% that of the reducing reagent (ca. 20 Ci/mmole). A veduction of the
- a-mathylene in either PbIx-7 or PbTx-3 results in toxins with specifie
-+ activities twice that of the primary reduction tcoxing (ca. 40
— - i/mmole).

2. Binding. Assavs. Binding of tritiated PbTx<3 was measured
using a rapid centrifugation technique. All binding experiments wers
- - corducted in a binding medium conslsting of 30 mM HEPES (pH 7.4), 130
o af clholine chloride, 5.5 mM glucese, 0.8 mM wagnesium sulfate, 5.4 wM
potassium chloride, 1 mg/mL bovine serum albumin, and 0.01% Ewmulphor EL-
620 as an emulsifier (3). In addition. 370 mM sucrose wag added to
fish synaptosome axperiments to mailntain lso-osmolarity (4&).

Synaptosomes, suspended in 0.1 nlL of bindgyg medium minus BSA,
—— — - yere —added—to-a reactlon mirture containling [TH] PbTx-3 and other
effectors in 0.9 mL of binding medium in 1.5 mL polypropylene microfuge
tubes. After mixing and inoubating at the desired temperatures for 1
hr, samples wers centrifuged at 15,000 x g for 2 min. Supernatant
solutions were sampled for the measurement of freo roxin
concentrations, and the remainder was aspirated in each case. Pelloted
synaptosomes were vrapidly washed with 4 drops of a wash medium
congisting of 53 mM HEPES (pH 7.4), 163 wM choline chloride, 1.3 mM
calcium chloride, 0.8 mM magnesium sulfate, and 1 mg/mL BSA. Pellets
were transferrad to liquid scintillation vials containing 3 mL of
liquid scintillant, and the bound radiocactivity was wmeasured using
liquid scintillation techniques. Nonspecific binding was measured in
the presence of a saturating concontration of unlabeled PbTx-3 and was
subtracted from tousl binding to yield specific binding. Dissociation
constants and binding maxima are summarized in Table I.

Table I. Gonmparison of Dissoclation Constant (K,) and Binding
‘ Maximom (B . ) in Fish, Turtles, amd REvse

K Bm Temp.OOptlmum Specific Binding
Species (nﬂ) (pMol/mg §§otein) (' G) at Kd
Fish 6.1 1.40 23 80%
Turtle 1.5 2.23 4 80%
Rat 2.6 6.80 4 20%

*mean values for K, and B ., n=9,4,6 for fish, turtles, and rats
respectively. )

A preliminary comparison of specific binding of tritiated PbTx-3,
tbTx-7, POLTX-9, and PbLTx-10 indicates en equivalent B and a
progresaion cf K. values which parallel the relatlve poteng¥g§ of the
labeled brevetaxf%s. This is a further indication to us that binding
affinity 1s the conservative vequirement 1In the potancy of the
brevetoxins (Table II), and further, that we may bs able to utilize the
toxins which are of higher specific activity for more detailed receptor
characterization (5).
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Table II. Comparison of K. and B for Four Different Tritiated

Brgvotoxi%aﬁrcbas
Toxin . K B
(nﬂ) (pmoles/ng protein)
PLTX-J 2.13 6.99
PbTx-9 8,76 6.79
POTR-7? 1.9 6,38
PbTx-10 1.58 6.4%

C. On- and Off- Rates, Reversibility of Binding, and Binding under

Depolarizing Conditions

Our evidence indicates that, at a K, concentration of tritiated
PbTx-3, the ¢ for on- and off-rates approximate 1l-2 minutes. A
closer approxiaxgion cannot be derived utilizing present protocols.
There i1s no membrane potential dependence of brevetoxin binding to the
high affinity, low capacity binding site known as Site 5. K= 2.6
(intact)., 2.9 (lysed), 3.3 (depolarized) and B = 6,01 (intact), 5.83
(lysed) and 5.75 pmolas/mg protein (depolarized?a(5).

D. Degroo of Displacement of Labeled PbTx-3 by Other Naturally-

Oceurring and Synthatlc Brevetoxin Derivatives

Pegardlass of the organism uwsed for synaptosomal preparations, it
is apparent to us that the topographic characteristics of thy
brevetoxin binding site on the VSSC are comparable. Using brevavoxins
PbTx-1, -2, and -3, Ic.0 data for specific Jisplacement of tritviatad
PbTx~3 shows comparnblz data 1in each case (Table I1II). The move
hydrophobic type-2 brevetexins are most officacious in thelr abilicy ve
compete for site 5 binding (7). It 1s of interest to note 3hat
ciguacoxin is thought to resemble bravetoxin-A.

Table III. $pecific Digsplacement of [3u3 PbTx-3 from Synaptosome
Binding by Unlabeled Brevetoxins, Comparison with LDg,

Competitﬁr
Toxin Concentration (aM)

Toxin .

Turtle (1) Fish (2 Rat ) Fish

(ICSO) (ICSO) (1050) (LDSO)
PbTx-1 3.0 30 3.5 4.4
PbTx-2 10.3 70 17.0 21.8
PbTx-3 15.0 110 12.0 16.9
PbTx-5 “--- -.- 13.0 42.5
PLTx-6 cmun .- 32.0 35.0
PbTx-7 e - 4.1 4.9

Tritiated toxin concentrationg were (1).(3) 100, and (2Y 12.6 oM,




Inhibition constants havs beon datarmined in aach of the cascs
indiéatsd in Tabla IV above by utlilleing the Kd concentration of
tritiated PbTx-3, and the following equation:

Ky 1o/ (1+CAR ),

wvhere K, « the inhibitien constant, IC o " the 50X inhibition
concentr&tion of the competitor, C= tritiatea PbTx-3 concentration, and
Kd is the dissociation constant of tho lab  (Table IV).

Table IV, Inhibition Constants for Dorivaviva Bravetoxina
Doxivad from the Chong-Pruseffw Equation

Toxin ' K, (nM)
Turtle Fish Rat
PUTX- 1 " T 0.39 10.10 0.72
PbTx -2 1.3 23.%7 3.51
PUTX-3 1.96 37.04 2.47
PLTx-35 feas T 2.68
PLTx-6 “eee s 6.60
PLTR-7 s “me- 0.83
*goe -lecusalon under heading . of this roport. K, dorived in this

monneYr require pure competitive inhibition for wvalidity.

K inhibition of Bravetoxin Binding by Navural Site 1-4 Toxiua

There was no differsnce Ln brovetoxin binding in the proesence of
Stte 1 (rvouvrodotoxin or gaxitoxin), Site 2 (veratridine or
batrachotoxin), Site 3 or 4 (che scorpion toxins) (3). Thus, the Site
1-4 natural coxins are clasgified as pgi compoting with Site 5, the
brevetoxin binding sive. However, the two structural backbouwes of
brovetoxin appoar to differentiate between a high affinity, low
capacity-«<and a lower affinity, high capacicty binding sicte. It is
uhis latter site, we belleve, that has bosn often Limplicated in
allosteric modulation iu asodium channol binding by natural toxins.

F. Dellneation of Tuo Drevotorin Binding Sitos

During the contrvact period, wa have become increasing unsettlad
with reapact to two apparantly contradictory sets of informatiom.
First, the brevetoxins bind with an affinity constant which {is
cougistently in the 1-5 i concentration range, in good agresmsnt with
affinity data for othsr potant marine toxins iike saxitoxin (§). In
addition, the binding maximum in synaptosomes is also in good agreement
with data for Site I toxins, which are known to bind to chaanels with a
1:1 stolciometry. However, the allostaric medulation of sodium channel
binding by other natural toxims by bLrevetoxins occurs at bravetoxin
concentrations much bigher, ce. 20-100 nM (9). This data |ig
inconsistent with high af€inity, low capacity binding (10).

Convorse to this allostoric modulatlon which occurs ac  higher
bravetoyin concencrations, is rhe finding rhar  membrane depelarization
(11Y, ""Na (3) Infl~ and comnetitive displacemenl of (ritisted
brevetoxin biunding Ly uunlabeled competitors, is dose dependeut in the




gaite concéntratlen rangea obaervad for tha high affinity blnding site
(7). Thus. tha allostsric mclulation at other sodium channel binding
sites appears to arise from breovetoxin intaraction with a lowsr
affinicy, high capacity binding site.

Using «<lagelcal Rosenthal analysis, we have been able to
distinguish two saparats spacific brovetoxin sites (Table V).

Table V. The Two Brevotoxin Binding Sites

Site K B Allosteric
d max Modulator
5 2.6-3.3 5.7-6.8 No
W 79.1-300. 61 /-180 Yes

‘mot numbered until further work can ba accomplished.

The two site hypothesis is supported by brovetoxin inhibicion
constant data and double ieciprocal cometition plots, which indicate a
doviation from competitive type patterns to non-compatitive type
patterns at highar competitor brevetoxin concentracvions. The non-
competitive displacowont appears to be specific in nature, and is anot
likely due to changes in membrane fluildity. DBut, certainly more
investigation is required before concrote conclusions can be offered.

G. Photoaffinity Probe S8ynthesis and Spocific Displacament

Expurimonts

We have succeeded in producing two photoaifinity probes which ecan
be covalently actachied to tcxin PbTx-3. Thesse two compounds are: PbTx-
3-p-eridobenzeyl  ester and  PbTx-3-p-hydroxyphenyl -3-p-azidophenyl
propionyl =thylene diamine wmonocamide. The former compound should be
amenable to tritlation of the DPbIx-3 molety prior to coupling: the
latear compound is amenable ro pre-tricium labeling of the toxin molety
or post-radioactive todino labeling in tho ring of tha photoalfinity
portion of the couplod probe. DBoth couapounds possess inhibition
conatants for displacment of tritium labe ed PbTx-3 from its specifie
binding aite 1in rat DLrain synaptosomes of 3.09 and 10.3 nH,
respectively., Thus, we concluse they bind to Site 5 with sufficilent
atfinity to be of wuse to us in f[dentifying the OLrevatoxin binding
component.

In the latter case, wo believe we have produced a toxin derivative
with asolubility characteriatice clese to unaltered PbTx-3, and hence
will te of greater use in identifving the bLinding component in intact
synaptosowes. A minor problem was encounrered in preoducing high yield

Q
products frow the toxin coupling to affinity probe, howevar, in
sabsequent experiments. This was solved by protvecting the phenolic

group on the photoaffinity portion of the molecula to praevent salf-
condensation (the <coupling function on the toxin PbTx-3 being an
alcohiol, alse). Protecting with a cyclohexyl functionality, with
subsequont cleavage after braveuoxin condensation, appears to provide
the solution. These reactions are currontly being evaluated, and
producta are being spectvoscopically anzsylyzed by FT-IR to provide the
ovidence for stiucture integrity and indencity.
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H. Bolubilization of the Brovotorin Binding Site

L Solubilization. FPFor purposes of Site 5 purificavion from rat
brain synr o3omes, it was necessary to aolubilize the wuembrane bound
protein wi. dagnr gent. Frozan synaptosomes in 5 mlL synaptosome binding
wodiun (15)( 80°C) from a single rat brain were thawed and centrifuged
at 130,000 x g for 35 minutes. Tha pollet was resuspended in 2.9% mL of
& aolubllizetion mediuvm consisting of: 100 mM choline chlorida, 20 mM
HEPES (pit 7.4), 0.03% egg phosphatidyl choline, 0.1 mM PMSF, 1 aM
icdoacetaride, 0.001 aM pepstatin A, and 1 mM g-phenanthroline.Qver a
period of 20 minutes, 0.25 oL aliquots of 4X Triton X-100 were added
uncil 2.3 mL total detergent had beon added. The resulting suaspension
conmimng solubilized membrane components was centrifuged at 150,000 x
g for 40 minutes, eud the supevrnatant solution wap saved. A portion
was examined for spacific binding activity using tritiated PbTx-3. To
the remainder of the supernatant solution was added 10mM final
concontration of caleium chloride.

Z...Solumn  Chromotography. Sephacryl §-300 was packed ina 1l cm x
37 e¢m column and was washed with twoe bLed volumes of mobile phasse
consigting of: 0.1X Triton X-100, 0.02X egg phosphatidyl choline, 350 mM
choline chloride, 10 mM HEPES, 10 mM calcium chloride, 0.02X sodium
agide, and the protease inhibitors at concentrations used for
solubilization. The flow rate was adjusted to 2 pai, and the column
was standardized. Solubllized aynaptosomes were loaded on the coiumn
and fractions were collected from void volume to total volums,
Braidford protein and specific brovetoxin binding activity was assessed
in sagh fraction using the binding protocol established for brevetoxin
radloimmunoasssys (16), anothetr solubilized specific bravetoxin binding
gsomponsnt. The fractiens which bind tririscad PbTx.3 in a apecific
mannor will be pooled and subjected to puvification by brevetoxin
affinity column chromatography ueing the column ma:rix described in the
previous saction.

I, Status of DPurification. The results of coupling reactions
indicate that we were successful in coupling PbTx+3 to AH Sepharose
4B. Using a small amount of tritiated PbTx-3 in the reaction ®nix as
tracer, we calculate about a 25% efficiency in coupling. Yo are
currently at~empting to improve on officlency.

Prelimizuary results employing the afifnity column deal solely with
brovetoxin spacific antibodies as specific binding model aystem. The
resulta indicate that wo can pass crude IgG solutions through che
colunn, wash with excess phosphatoe buffer (until no proteln Is detected
in oluent) and thon simply strip brevetoxin-specific antibodies from
the column with 3 M NacCl solutlon. We feel the coupling ls a success
and that the affinity column faasibility has been demounstrated. We
have successed in demonstiating that solubilizad membranse protein froam
rat brain synapiosomes can be geparated on Sephaccyl A-300 ccolumns
(size fractionation). Of the fractions collected, significant
speclfic bLinding of tritiaced breveroxin PbLTx-3 was seen in fractioms
30-37. Similarly, significant amounts of protein were demonstrated in
the scame fractionms. The size to which this large protein peak
corresponds is 1In the 230,000 to 350,000 dalton molecular weight
range. This suggests that the brevetoxin binding componeut interacts
with the a-subunit of voltage-sonsitive sodium chanrnels in rat brain
synaptosomes. There is little specifllc Lrevetoxin binding in any other
smaller molecular weight rauge, further illustrsting that brevetoxins

11




do not likely interact with either of the g-subunits. This finding,
coupled with our already known facts about specific brevetoxin binding
being retained in solubilized sodium channel, gives us an excellent
potential for 1isolating and identifying the brevetoxin binding
component in excitable tissues.

IV. Conclusions

The brevetoxins bind to & unique receptor site associated with
excitable memporanes. The site, which possesses a K, of 2.6-3.3 nM and
a B ax of 5.75-6.0 pmoles/mg protein, 1s present in rat, fish, and
turtl®’ brain synaptosomes, This high affinity, low capacity site, is
sccompanied by a lewer affinity, higher capacity site which is
currently under investigation. The high affinity site ic known as Site
5, and binds toxin with half-maximal 2fffinity and avidity at
~oncentrations which yield half-maximal Na ion influx and half-
maximal nerve membrane depolarization. Toxin binding at this high
affinity site is membrane-potential independent and does not interact
with any of the previously described sodium channel binding sites.

The binding characteristics of the lower affinity site correlate
well with observed allosteric modulation observed in Sites 1-4 of the
voltage-sensitive sodium channel. Photoaffinity probes incorporating
brevetoxin in a covalent form displace brevetoxin from the binding site
of high affinity, underscoring their potential as specific probes for
purification of the site. Both size chromatography and brevetoxin-
affinity chromatography, following solubilization of the site from
membrarnes holds promise for isolation, purification, and
characterization of the specific site. The Scope of Work outlined in
the original contract has been completed.
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